We propose a renormalizable theory based on the SU (3)C × SU (3)L × U (1)X gauge symmetry, supplemented by the spontaneously broken U (1)L g global lepton number symmetry and the S3 × Z2 discrete group, which successfully describes the observed SM fermion mass and mixing hierarchy. In our model the top and exotic quarks get tree level masses, whereas the bottom, charm and strange quarks as well as the tau and muon leptons obtain their masses from a tree level Universal seesaw mechanism thanks to their mixing with charged exotic vector like fermions. The masses for the first generation SM charged fermions are generated from a radiative seesaw mechanism at one loop level. The light active neutrino masses are produced from a loop level radiative seesaw mechanism. Furthermore, our model can successfully accommodates the electron and muon anomalous magnetic dipole moments. * Electronic address: antonio.carcamo@usm.cl † Electronic address:
I. INTRODUCTION
Despite of the excellent agreement of the Standard Model (SM) predictions with the experimental data, there are several unaddressed issues that do not find explanation within its framework. Among them are the observed pattern of SM fermion masses and mixing angles, the tiny values of the light active neutrino masses, the number of SM fermion families, the electric charge quantization and the anomalous magnetic moments of the muon and electron. Addressing these issues requires to consider extensions of the SM with enlarged particle content and symmetries. In particular, theories based on the SU (3) C ×SU (3) L ×U (1) X gauge symmetry (3-3-1 models) , have received a lot of attention since they answer some of the open questions of the SM, such as, for example, the number of SM fermion families and the electric charge quantization. Adding discrete symmetries and extending the scalar and fermionic content of such 3-3-1 models allows addressing the observed SM fermion mass and mixing hierarchy. Furthermore, if one considers 3-3-1 models where the fermions do not have exotic electric charges, the third component of the SU (3) L leptonic triplet will be electrically neutral. This allows the implementation of a low scale linear or inverse seesaw mechanism producing the tiny light active neutrino masses and sterile neutrinos with masses at the SU (3) L × U (1) X symmetry breaking scale, thus making the model testable at colliders. Imposing discrete symmetries allows one to forbid tree level masses arising from the Standard Yukawa interactions for the SM fermions lighter than the top quark. To generate such masses, one has to consider heavy vector-like fermions, mixing with the SM fermions lighter than the top quark, as well as gauge singlet scalar fields. Their inclusion in the particle spectrum of the model is crucial for the implementation of the Universal and radiative seesaw mechanisms needed to generate the masses for the SM fermions lighter than the top quark, thus explaining the SM charged fermion mass hierarchy. In addition, the heavy vector like leptons can provide an explanation for the anomalous electron and muon magnetic moments, which is not given within the context of the SM. A study of such g − 2 anomalies in terms of New Physics and a possible UV complete explanation via vector-like leptons is performed in [52] . Also in Ref. [53] , g − 2 anomalies can be explained using a minimal supersymetric standard model assuming a minimal flavor violation in the lepton sector. In this work we will consider a renormalizable theory based on the SU (3) C × SU (3) L × U (1) X gauge symmetry, supplemented by the spontaneously broken U (1) Lg global lepton number symmetry and the S 3 × Z 2 discrete group. We choose S 3 symmetry since it is the smallest non-Abelian discrete symmetry group having three irreducible representations (irreps), explicitly, two singlets and one doublet irreps. This symmetry has been shown to be useful in several extensions of the SM, for obtaining predictive SM fermion mass matrix textures that successfully describe the observed SM fermion mass and mixing pattern [12, [19] [20] [21] . In the proposed model, the top and exotic quarks get tree level masses whereas the masses of the bottom, charm and strange quarks as well as the tau and muon charged lepton masses are produced from a tree level Universal Seesaw mechanism. The masses for the first generation SM charged fermions are generated from a one loop level radiative seesaw mechanism mediated by charged vector like fermions and electrically neutral scalars. The light active neutrino masses are produced from a one loop level radiative seesaw mechanism. Our model is consistent with the low energy SM fermion flavor data and successfully accommodates the experimental values of the muon and electron magnetic dipole moments. The content of this paper goes as follows. The model is explained in section II. Its implications on quark masses and mixings are discussed in section III. Lepton masses and mixings are described in section IV. The constraints imposed on the model parameter space by the experimental measurements of the muon and electron anomalous magnetic moments are discussed in sections V and V, respectively. Conclusions are given in section VI. A concise description of the S 3 discrete group is given in Appendix A.
II. THE MODEL
We consider a renormalizable extension of the 3-3-1 model with right handed Majorana neutrinos, where the SU (3) C × SU (3) L ×U (1) X gauge symmetry is supplemented by the spontaneously broken U (1) Lg global lepton number symmetry and the S 3 × Z 2 discrete group, the scalar sector is enlarged by the inclusion of several gauge singlet scalars and the fermion sector is augmented by the introduction of heavy electrically charged vector like fermions. Such electrically charged vector like fermions are assumed to be singlets under the SU (3) L gauge symmetry, thus allowing to easily comply with collider constraints as well as with the constraints arising from electroweak precision tests. The left and right handed components of such vector like fermions have the same transformation properties under the different group factors of the model thus allowing to build mass terms for these fields invariant under the SU (3) C ×SU (3) L ×U (1) X × S 3 ×Z 2 group. The scalar and fermionic content with their assignments under the SU (3) C ×SU (3) L ×U (1) X ×S 3 ×Z 2 group are shown in Tables I and II Tables I and II are specified by the numbers in boldface. The vector like fermions mix with the SM charged fermions lighter than the top quark thus giving rise to a tree level Universal seesaw mechanism that produces the masses for the bottom, charm and strange quarks as well as the tau and muon charged lepton masses. The first generation SM charged fermions, i.e., the up, down quarks and the electron get their masses from a one loop level radiative seesaw mechanism mediated by charged vector like fermions and electrically neutral scalars. In addition, light active neutrino masses are generated from a one loop level radiative seesaw mechanism mediated by the right handed Majorana neutrinos and the . Furthermore, the smallness of the µ parameter of the inverse seesaw mechanism, crucial to explain the tiny values of the light active neutrino masses, is naturally explained in our model by assuming a low symmetry breaking scale for the U (1) Lg global lepton number symmetry. Notice that the U (1) Lg global lepton number symmetry is spontaneously broken down to a residual discrete Z (Lg) 2 by the vacuum expectation value (VEV) of the U (1) Lg charged gauge-singlet scalars σ i (i = 1, 2, 3) having a nontrivial U (1) Lg charge, as indicated by Table I . The residual discrete Z (Lg) 2 lepton number symmetry, under which the leptons are charged and the other particles are neutral, forbids interactions having an odd number of leptons, thus preventing proton decay. The massless Goldstone boson, i.e., the Majoron, arising after the spontaneous breaking of the U (1) Lg symmetry, does not cause problems in the model because it is a SU (3) L scalar singlet.
In addition, our model does not have fermions with exotic electric charges. Thus, the electric charge in our model is defined as follows:
Furthermore, the lepton number has a gauge component as well as a complementary global one, as indicated by the following relation:
being L g a conserved charge associated with the U (1) Lg global lepton number symmetry. In our model the full symmetry G experiences the following spontaneous symmetry breaking chain:
where the different symmetry breaking scales fulfill the hierarchy:
with
TeV. Notice that we are considering a scale for the spontaneous breaking of the SU (3) L ×U (1) X gauge symmetry around 10 TeV in order to keep consistency with collider constraints [84] , the constraints from the experimental data on K, D and B meson mixings [85] and B s, [86] [87] [88] [89] . The SU (3) L triplet scalars χ, η and ρ can be expanded around the minimum as follows:
where w χ , w η v η , v ρ . The SU (3) L fermionic antitriplets and triplets are represented as:
With the particle content specified in Tables I and II, the following quark and lepton Yukawa terms arise:
We consider the following VEV configurations for the S 3 doublets:
which are consistent with the scalar potential minimization equations for a large region of parameter space [20, 70, 90] . 
Here n = 1, 2 and i = 1, 2, 3.
III. QUARK MASSES AND MIXINGS
From the quark Yukawa interactions in Eq. (5), we find that the up-type mass matrix in the basis
whereas the down type quark mass matrix written in the basis
) takes the form:
where as seen from Eqs. (8) and (9), the ∆ U and ∆ D submatrices are generated at one loop level. The one loop level Feynman diagrams generating the ∆ U and ∆ D submatrices are shown in Figure 1 . In addition, the following function has been introduced:
As shown by Eqs. (8) and (9), the very heavy vector like quarks mix with the SM quarks lighter than the top quark. Such very heavy vector like quarks are assumed to have masses much larger than the SU (3) L × U (1) X symmetry breaking scale. Thus, in view of the above, a tree level Universal seesaw mechanism produces the charm, bottom and strange quark masses. The masses for the up and down quarks are generated from a one loop level radiative seesaw mechanism. Consequently, the following SM quark mass matrices are obtained:
In the following we will show that the SM quark mass matrices given above are consistent with the current data on quark masses and mixings. To this end, and considering that the ε (U ) nm (n, m = 1, 2) and ε (D) ij (i, j = 1, 2, 3) dimensionless parameters are generated at one loop level, we choose a benchmark scenario where we set:
GeV is the electroweak symmetry breaking scale, λ = 0.225 is one of the Wolfenstein parameters, b
Consequently, the SM quark mass matrices take the form:
where a (U ) 21
The model has 13 dimensionless parameters in the quark sector. This allows us to reproduce precisely the central experimental values of 10 quark observables, shown in Table III . The corresponding values of the model parameters are:
An important point for us is that all these values are of the order of one. This means that the hierarchy of the quark masses and mixing originate in our model from its symmetries and the field content without the need of tuning the model parameters. [93] .
IV. LEPTON MASSES AND MIXINGS
From the charged lepton Yukawa interactions in Eq. (6), we find that the charged lepton mass matrix in the basis
where as seen from Eq. (17), the ∆ l submatrix is generated at one loop level. The one loop level Feynman diagrams generating the ∆ l submatrix is shown in Figure 2 . As shown by Eq. (17), the very heavy vector like charged leptons mix with the SM charged leptons. Such very heavy vector like charged leptons are assumed to have masses much larger than the SU (3) L × U (1) X symmetry breaking scale. Therefore, the tau and muon masses are generated from a tree level Universal seesaw mechanism. The electron mass arises from a one loop level radiative seesaw mechanism. Consequently, we get the following SM charged lepton mass matrix:
In order to show that our model can accommodate the current pattern of SM charged lepton masses and considering that the ε (l) ij (i, j = 1, 2, 3) dimensionless parameters are generated at one loop level, we choose a benchmark scenario where we set:
Thus, the SM charged lepton mass matrix reads: 
where c (l)
The matrix M l in Eq. (20) is diagonalized as follow:
where 1 
and α 0,1,2 , β 1,2 and γ 1,2 are defined in Appendix B.
The charged lepton masses are given by: 
we get
This means
On the other hand, the neutrino Yukawa interactions give rise to the following neutrino mass terms:
where the neutrino mass matrix M ν is 1 For simplicity we used notations a
with the submatrices M 1 and M 2 are generated at one loop level, whereas the submatrices M χ and µ appear at tree level and are given by:
The light active neutrino mass matrix is generated by the loop diagrams shown in Figure 3 and is given by: 
In the limit where µ ij m χ 1R , m χ 1I , the light active neutrino mass matix becomes:
In order to generate the remarkable fermion mixing pattern, we choose the VEV configuration of the S 3 scalar doublet σ shown in Eq. (7) . With this alignment, the light active neutrino mass matix in Eq. (35) becomes:
where
To diagonalise the matrix M ν in Eq. (36), we define a Hermitian matrix M, given by
with λ 11 , λ 22 , λ 33 and λ 13 are defined in Eq. (37) . The mass matrix M is diagonalized by U 13 ,
Three light active neutrino masses m 1,2,3 are given by
Combining Eqs. (24) and (41), we get the lepton mixing matrix: 
In the standard parametrization, the lepton mixing matrix (U P M N S ) can be parametrized as 2 
where c ij = cos θ ij , s ij = sin θ ij with θ 12 , θ 23 and θ 13 being the solar angle, atmospheric angle and the reactor angle, respectively and δ is the Dirac CP violating phase. By comparing two expressions (44) and (45) 
At present, θ 12 and θ 13 are now very constrained while the precise evaluation of θ 23 is still an open problem [93] . On the other hand, the values of neutrino masses as well as the mass ordering of neutrinos is unknown. The neutrino mass spectrum can be the normal mass ordering (NO) (|m 1 | |m 2 | < |m 3 |), inverted ordering (IO) (|m 3 | < |m 1 | |m 2 |) or nearly degenerate (|m 1 | |m 2 | |m 3 |). The mass ordering of neutrino depends on the sign of ∆m 2 32 which is currently unknown. In the model under consideration, the two possible signs of ∆m 2 32 correspond to two types of neutrino mass spectrum can be provided.
A. Normal ordering
By taking the best-fit values for neutrino mass squared splittings, leptonic mixing angles and the Dirac CP violating phase for NO as given in Ref. [93] , ∆m 2 21 = m 2 2 − m 2 1 = 7.53 × 10 −5 eV 2 and ∆m 2 32 = m 2 3 − m 2 2 = 2.444 × 10 −3 eV 2 , we find the solution Γ 1 = 0.00121735 eV + m 22 , Γ 2 = −0.00129265 eV (for the definition see Eq.(43)).
The absolute values of neutrino masses as well as the neutrino mass ordering are still unknown, however, we can use the neutrino oscillation experimental data for NO given in Ref. [93] to find m 2 = 0.0087 eV. In this case, the parameters Γ 1 , Γ 2 and the other neutrino masses are explicitly given as 
Then, the resulting sum of the neutrino masses takes the value 3 i=1 m i = 0.06017 eV, which is consistent with the current cosmological constraints m ν < 0.12 eV given in Ref. [95] [96] [97] [98] . Taking the best fit value for NO (octant I) given in Ref. [93] , s 2 12 = 0.307, s 2 13 = 0.0218, s 2 23 = 0.512 and δ = 1.37π we obtain: 
The leptonic mixing matrix in Eq. (44) takes the explicit form: 
The expression (51) depends on two free parameters ψ, θ, however, the terms containing these parameters are very small compared to the others since |e iψ | = | cos θ| max = | sin θ| max = 1. Thus, for simplicity, we can choose ψ = 0 and θ = π 4 which can be achieved in the case x N , y N , h 
i.e, the ranges of the magnitude of the elements of the three-flavour leptonic mixing matrix is well consistent with those of given in Ref. [99] .
B. Inverted ordering
Similar to the NO, taking the best-fit values of neutrino oscillation parameters for IO as given in Ref. [93] , ∆m 2 21 = m 2 2 − m 2 1 = 7.53 × 10 −5 eV 2 and ∆m 2 32 = m 2 3 − m 2 2 = −2.53 × 10 −3 eV 2 , we obtain: Γ 1 = −0.00130265 eV + m 22 , Γ 2 = 1.22735 × 10 −3 eV. Then we find m 2 = 0.0504 eV with the parameters Γ 1 , Γ 2 and the other neutrino masses given as
Thus, we find that the sum of neutrino masses in the inverted spectrum takes the form 3 i=1 m I i = 0.103235 eV which is consistent with the current cosmological constraints of Ref. [95] . Next, taking the best fit value for IO given in Ref. [93] , s 2 12 = 0.307, s 2 13 = 0.0218, s 2 23 = 0.536 and δ = 1.37π we obtain: 
In the IO, the leptonic mixing matrix in Eq. (44) takes the explicit form: 
which is well consistent with the constraints on the absolute values of the entries of the leptonic mixing matrix given in Ref. [99] .
C. Effective neutrino mass parameter
Let us evaluate in our model the effective Lepton Number Violating m ββ and Lepton Number Conserving m β neutrino mass parameters defined as
where U ei (i = 1, 2, 3) is the PMNS leptonic mixing matrix elements and m i the masses of three light neutrinos. The amplitudes of neutrinoless double beta decay (0νββ) and single β-decay are proportional to m ββ and to m β , respectively. From Eqs. (48) , (52) , (55) , (57) and (59) The model values (60), (61) of the neutrino mass parameters for both normal and inverted mass ordering, are below the sensitivity of the current 0νββ-and β-decay experiments. The future 0νββ-decay experiments [100] are expected to reach the values of m ββ in Eq. (60) for the case of IO.
V. MUON AND ELECTRON ANOMALOUS MAGNETIC MOMENTS
We consider a scalar sector where three heavy Higgs mixes as follows:   
where R x (θ x ), R y (θ y ), R z (θ z ) are rotation matrices, and ξ ρ , ξ 1R , ξ 2R are real scalar fields. This mixing is well motivated in a 331 model with three scalar triplets shown in Ref. [49] where a heavy Higgs boson is decoupled to the ξ η field and then it is possible to write the three heavy Higgs bosons as a linear combination of three real fields: ξ ρ , ξ 1R and ξ 2R . These scalar fields will contribute to the g − 2 muon and electron anomalous magnetic moments as shown in Figure 4 . The expression for the (g − 2) µ muon anomalous magnetic moment is given by [22, 101, 102] ∆a
mµ where m f is an exotic fermion mass and the g f µ s1 is the coupling in the interaction term g f µ s1 φl f µ.
The most recent experimental result for the anomalous magnetic dipole moment of the electron, obtained from the measurement of the fine structure constant, indicates a 2.5σ deviation from the SM prediction [106] :
(∆a e ) exp = (−0.88 ± 0.36) × 10 −12 (65) The theoretical value of ∆a e can be computed analogously to ∆a µ . Figures 5 and 6 show the allowed parameter space for M S -M E1 and M S -M E2 , where M S is the minimum value of the heavy scalar masses. These plots are consistent with the experimental measurement of the anomalous muon and electron magnetic moments. We found that the model can accommodate the experimental values of anomalous muon and electron magnetic moments for a large range of parameter space. Figure 5 : Allowed parameter space for MS − ME planes with different values of the muon anomalous magnetic moment Figure 6 : Allowed parameter space for MS − ME planes with different values of the muon anomalous magnetic moment
VI. CONCLUSIONS
We have constructed a renormalizable theory based on the SU (3) C × SU (3) L × U (1) X gauge symmetry, supplemented with the spontaneously broken U (1) Lg global lepton number symmetry and the S 3 × Z 2 discrete group, consistent with the low energy SM fermion flavor data. In our model, the particle spectrum of the 3-3-1 model with right handed Majorana neutrinos is enlarged by the inclusion of gauge singlet scalars and charged exotic vector like fermions, which are crucial for the implementation of the tree level Universal seesaw mechanism that produces the masses for the bottom, strange and charm quarks as well as the tau and muon lepton masses. The top and exotic quarks obtain their tree level masses from renormalizable Yukawa interactions, whereas the first generation SM charged fermion masses are generated from a one loop level radiative seesaw mechanism. The masses for the light active neutrinos arise from a radiative seesaw mechanism at one loop level. Our model successfully explains the hierarchy of the fermion masses and mixings as well as accommodates the current experimental deviations of the electron and muon anomalous magnetic moments from their SM values.
case of real representations take the form [107]:
x 1 x 2 2 ⊗ y 1 y 2 2 = (x 1 y 1 + x 2 y 2 ) 1 + (x 1 y 2 − x 2 y 1 ) 1 + x 2 y 2 − x 1 y 1 x 1 y 2 + x 2 y 1 2 , (A1) Figure 4 : Loop Feynman diagrams contributing to the muon and electron anomalous magnetic moments.
